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BASELINE RESPONSE RATE AND THE EFFECT OF A STIMULUS
WHICH PRECEDES RESPONSE-INDEPENDENT REINFORCEMENT

William M. Arnold, M. A.
Western Michigan Unviersity, 1970

The relationship between baseline response rate and the effect
of presenting a stimulus followed by response-independent reinforce
ment on baseline response rate was investigated in this study.

Six

pigeons were divided into two equal groups, one of which was condi
tioned to key peck on a VI-DRH schedule of food reinforcement, the
other on a VI-DRL schedule of food reinforcement.

Once responding

had stabilized, a tone was introduced seven times during each session
followed by a response-independent food reinforcement.

The results

indicated no change in the response rate of the VI-DRH group during
the tone, and acceleration of responding during the tone for the
VI-DRL group.
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Superimposing a signaled response-independent reinforcement on an
operant baseline has produced both an increase (Herrnstein and Morse,
1957; Brady, 1961) and a decrease in the response rate (Azrin and Hake,
1969; Pliskoff, 1961, 1963), during the signal.

In a study by Herrnstein

and Morse (1957), for example, a pigeon's key pecking behavior was main
tained on a differential reinforcement of low rate (DRL-5 minutes)
schedule for food reinforcement.

This schedule requires the subject to

emit consecutive responses with a mimimum interresponse time of five
minutes in order to obtain reinforcement.

After 21 days of condition

ing, a two minute stimulus was introduced, 25 to 30 times during each
session, and a response-independent food reinforcement was presented
one minute after the onset of the stimulus.

The results of this study

indicated both an increase and a decrease in response rate during the
stimulus, although the predominant effect was an increase in rate.
Herrnstein and Morse proposed that the maintenance and acceleration
of responding during the stimulus may have been a function of an
adventitious reinforcement contingency.

Although this contingency

may not have been the cause of the initial increase, che increased
response rate certainly would have increased the probability of an
accidental correlation between responses and the presentation of a
reinforcer.
Brady (1961) also found acceleration of responding during a
stimulus which preceded a response-independent reinforcement.

Ii. this

study rats were conditioned to lever press for water on a variableinterval two minute schedule of reinforcement.

A five minute stimulus
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was presented ten times during each session and terminated with the
delivery of a 0.5 second intracranial electrical stimulation (ICS).
Although the response-independent reinforcer used in this study
differs qualitatively from the food used in the Herrnstein and Morse
study (1957), two points of similarity should be considered.

First,

both studies had relatively low baseline rates of responding, and
secondly, in both studies the stimulus followed by response-indepen
dent reinforcement brought acceleration of responding during the
stimulus.
Response suppression during a stimulus which preceded a responseindependent reinforcement was demonstrated by Azrin and Hake (1969).
In that study, the rat’s lever pressing behavior was maintained on a
variable interval one minute schedule of reinforcement for either food
or water.

The response-independent reinforcer, either food, water,

or intracranial stimulation (ICS), was presented contiguously with
the offset of a ten second stimulus.

Approximately 20 stimulus pre

sentations occurred during each two hour session.

The results of

this study indicated a decrease in response rate during the stimulus,
except when water was used for both the baseline and response-indepen
dent reinforcer.
observed.

In that case an increase in response rate was

Azrin and Hake suggested that the reduction in responding

during the signal involved autonomic changes, perhaps reflecting some
"underlying emotional state of heightened preparedness"
Hake, 1969) which interfered with normal responding.

(Azrin and

The acceleration

in responding of the water-water group, however, was interpreted as
reflecting the effect of adventitious reinforcement.
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Another technique for assessing the effect of a signaled
response independent reinforcement involves a signaled change in
the density of reinforcement.

Pliskoff (1961, 1963) reinforced

pigeons for pecking a white key on a variable-interval two minute
(VI-2) schedule of food reinforcement.

At the end of ten minutes,

the key color was changed to either red or green and the schedule of
reinforcement was changed to a VI-15 minute or VI-0.5 minute for
another ten minutes.

The key color was then returned to the original

white and the VI-2 minute was reinstated.

A warning stimulus was

then introduced one minute prior to the change from one schedule to
the other.

The results showed an increase in the response rate

during the stimulus which signaled the subsequent change to the VI-15
minute schedule, a schedule with less reinforcement density, and a
decrease in the response rate during the stimulus which signaled the
subsequent change to the VI-0.5 minute schedule, a schedule with
greater reinforcement density.

Since both response acceleration

and response suppression have been obtained during the stimulus other
than a simple increase in the reinforcement density, it would appear
that variables or adventitious reinforcement could account for these
data.

One such variable, which might account for the differences in

results could be the baseline response rate.

The results of Herrnstein

and Morse (1957) and Brady (1961) showed acceleration during the stim
ulation on low response rate baselines.

The results of Pliskoff

(1961, 1963) and Azrin and Hake (1969) showed suppression during the
stimulus on high response rate baselines.
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Baseline response rate has been shown to be a major factor
influencing the effect of a signaled response independent shock in
several studies conducted by Blackman (1966, 1967, 1968a, 1968b).
In one of these studies (Blackman, 1968b) a variable-interval schedule
of reinforcement was combined with differential reinforcement of
specific response rates.

By making reinforcement available on a VI

and then requiring consecutive responses with a specified inter
response time (IRT), both low and high response rates were obtained
with equal reinforcement frequency.

When a signaled response-indepen

dent shock was superimposed on these baselines, severe suppression
was obtained on the high response rate baseline, but only partial
suppression was obtained on the low response rate baseline.
The purpose of the present study was to investigate the effect
of a signaled response-independent reinforcement on high and low
response rate baselines.

Reinforcement frequency on the baseline

schedules was held constant by the use of a variable interval-100
second schedule of food availability, and response rates were con
trolled by the use of differential interresponse time requirements.

METHOD

Subject
The subjects were six white King pigeons with a history of
visual, but not auditory, discrimination training.

The subjects

were housed individually and maintained at 70% of free-feeding
weight with Maple peas.
the home cage.

Grit and water were available only in

Reinforcement consisted of a mixture of 40% vetch,
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50% kaffer corn, and 10% hemp seed.

Only five subjects are reported

in the results since VI-DRH Subject 3 never met criterion during the
baseline period.

Apparatus
The intelligence panel consisted of a single white illiminated
key, 3/4 inches in diameter, mounted eight inches above the floor.
The key required approximately seven grams of pressure to register
a response.

The grain reinforcement was made available for four

seconds through a 2x2 inch opening, four inches below the key.

The

intelligence panel was mounted in a sound attenuated chamber which
was provided with forced air ventilation, but no houselight.
The pre-reinforcement stimulus was a 2800 Hz tone presented by
a Mallory model SC-628 Sonalert with 4400 ohms resistance in series,
which was mounted on the back of the intelligence panel.
The programming and recording of events were accomplished with
BRS-Foringer 200 series modules, and appropriate clocks and film
drivers.

The data were recorded from a Gerbrands Model C3-SRS cumu

lative recorder and electrical impulse centers.

Procedure
The subjects were divied into two groups and reinforced for key
pecking on a variable-interval schedule of food reinforcement combined
with a differential reinforcement of specific response rates.

Rein

forcement was made available on a VI-100 seconds, the intervals of
which were determined by the formula (Catania and Reynolds, 1968):
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Once reinforcement was made available, it remained available until
either the subject emitted a specified number of responses with a
specified interresponse time (IRT) and the reinforcement was obtained,
or, until the next reinforcement was made available, at which time
the first reinforcement was lost.
The first group, VI-DRH, was required to emit three consecutive
responses with an IRT of less than 0.3 seconds before an available
reinforcement could be obtained.

This procedure, (VI-DRH) was designed

to generate response rates of greater than 65 responses per minute.
The second group, VI-DRL, was required to emit two consecutive
responses with an IRT of greater than five seconds before an avail
able reinforcement could be obtained.

This procedure (VI-DRL) was

designed to generate response rates of less than 12 responses per
minute.
Each subject was exposed to the experimental procedures on a
daily basis until 50 reinforcements had been obtained.

When the mean

response rate per session for a subject stabilized, i.e. a range of
jl8 responses per minute over seven consecutive sessions, the stimulus,
a 14 second tone, was presented seven times to the subject during the
following session to observe any possible effects the stimulus itself
may have had upon the subject's response rate.

No stimulus was pre

sented during the following session, the ninth and last day of base
line.

The next session began the experimental phase, during which
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the stimulus was presented seven times per session at varying inter
vals averaging 13 minutes, followed each time by a response-independent
presentation of seven seconds of food.
Note that the duration of the reinforcement following the
stimulus was more than double that of the reinforcement received on
the VI schedule.

Also, note that for each stimulus presentation the

probability was approximately equal that a response-contingent rein
forcement would be made available during: 1) the stimulus; 2) a one
minute pre-stimulus period; or 3) a one minute post-stimulus period.
The total number of responses and reinforcements, the number of
responses and reinforcements in a one minute period preceding each
stimulus onset (pre-stimulus), and the number of responses and rein
forcements during the stimulus were recorded.

The effect of the

stimulus which preceded the response-independent reinforcement was
determined by an inflection ratio described by Brady (1955).

This

ratio is expressed by the formula B~A 5 where A is the mean response
A
rate for one minute pre-stimulus periods, and B is the mean response
rate during the stimulus presentations.

A ratio of 0 indicated no

effect, a ratio of -1 indicated total suppression, and a ratio of +1
was arbitrarily chosen to indicate acceleration.

RESULTS

The response rates for all the three subjects in the VI-DRL group
and for two Subjects in the VI-DRH group were sufficiently stable to
be exposed to the experimental manipulations.

The mean response rate
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TABLE I

The Mean Response Rate and Reinforcement Frequency for Each
Subject For All Sessions in the Baseline and in the
Experimental Phase

SUBJECTS

BASELINE
Response
Rate

EXPERIMENTAL

Reinforcement
Frequency

Response
Rate

Reinforcement
Frequency

VI-DRL

1

'13.7
13.7

0.60

16.3

0.61

VI-DRL

2

11.9

0.58

16.5

0.61

VI-DRL

3

16.0

0.52

14.8

0.60

VI-DRH

1

81.2

0.66

93.4

0.71

VI-DRH

2

77.4

0.67

89.1

0.65
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per minute for all sessions in the baseline and in the experimental
phase for each of the five subjects is shown in Table 1.

The mean

reinforcement frequency per minute for aid. sessions in the baseline
and in the experimental phase for each of the five subjects is also
shown in Table 1.

Since the response rate for Subject 3 of the

VI-DRH group did not stabilize

duringbaseline, this subject was

removed from the experiment.
As indicated in Table 1, the mean response rate for the VI-DRL
subjects was relatively low, averaging 13.7, 11.9, and 16.0 responses
per minute during baseline and16.3, 16.5, and 14.8
minute during the experimental

responses per

phase. In contrast,

the mean response

rate for the VI-DRH subjects was relatively high, averaging 81.2 and
77.4 responses per minute during baseline and 93.4 and 89.1 responses
per minute during the experimental phase.
The mean reinforcement frequency for each subject during each
phase is included in Table 1.

Since it was possible for the

subjects to miss some of the reinforcements made available, i.e. if
the specific IRT requirement was not met before the next reinforcemen
was made available.

As indicated in this table, very little with

in the subject or between subject differences in reinforcement fre
quency occurred.
The mean inflection ratio per session for each subject is shown
in Figure 1.

The baseline session (B) in this figure refers to the

session during which only the stimulus was presented.

Session 1

represents the first experimental session, during which the stimulus
was followed "by the response-independent reinforcement.

The mean
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Fig. 1.

Mean inflection ratio for each subject as a function

of the number of session.

(Note that due to a procedural mistake,

VI-DRH Subject 2 did not receive a baseline session with stimulus
alone presentations.

Therefore, inflection ratios for VI-DRH

Subject 2 begin with Session 1).
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inflection ratios of the VI-DRL subjects, as shown in Figure 1,
increased from 0.43 and 0.40 in baseline to 2.80 and 2.20, respec
tively, on Session 10 indicating severe acceleration.

Since VI-DRL

Subject 3 took longer to stabilize baseline response rate, only
eight experimental sessions were conducted before the experiment was
terminated.

The inflection ratio for VI-DRL Subject 3, however, still

reveals an increase similar to that of the other two VI-DRL Subjects.
Since inflection ratios of 1.0 or greater were chosen to indicate
acceleration of responding during stimulus, it may be concluded that
all subjects in the VI-DRL group showed acceleration at the time the
experiment was terminated.

'

The mean inflection ratios of the VI-DRH subjects, are also
shown in Figure 1.

As indicated in Figure 1, these ratios fluctuated

around 0.0 , and at no time did they deviate more than 0.37 in either
direction from 0.0.

Thus, it may be concluded that the stimulus did

not have any appreciable effect upon the response rates of the VI-DRH
subjects.
Examples of the baseline response rates and the response rates
during the stimulus are shown in the two cumulative records presente
in Figure 2.

Reinforcements are noted by short downward slash marks

and the stimulus is noted by a depression of the pen for the duration
of the stimulus and response-independent reinforcement.

The response

rates shown in this figure indicate that both groups had stable re
sponse rates before and after the stimulus presentation, while during
the stimulus only the response rate of the VI-DRL group changed.
Also it may be seen that the change in the response rate of the VI-DRL
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group during the stimulus was an increase over the pre-stimulus
response rate.
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Fig. 2.

Examples of the baseline response rates and the response

rates during the stimulus, as shown in the cumulative records.
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DISCUSSION

A stimulus followed by response-independent reinforcement, as
indicated by the results of the present study, differentially effects
high and low baseline response rates.

The present results indicate

that if baseline response rate is low, the response rate during the
stimulus increases, while, if the baseline response rate is high, the
response rate during the stimulus shows little change.
In comparing the results of the present study to the findings
of Herrnstein and Morse (1957) and Brady (1961), the present results
support the earlier findings of acceleration of responding during
the stimulus for subjects with low baseline response rates.
Although the response rate of the subjects with high baseline
response rates did not accelerate during the stimulus, the present
findings indicate no reduction in responding during the stimulus.
Thus, these results do not support the findings of earlier studies
by Azrin and Hake (1969) or Pliskoff (1961, 1963), since each of
these earlier studies did find a reduction in response rate during
a stimulus which preceded response-independent reinforcement (Azrin
and Hake, 1969) and high reinforcement density (Pliskoff, 1961, 1963).
In analyzing the present results, three possible interpretations
are available.

The first interpretation states that by accidental

contiguity between a response and the response-independent reinforce
ment, the probability of responding during the stimulus is increased.

14
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In addition, the more the response rate increased during the stimulus,
the higher the probability of further adventitious reinforcement.
This was used by Herrnstein and Morse (1957), Brady (1961) and Azrin
and Hake (1969) to explain the acceleration of responding during the
stimulus found in their studies.

An objection to this interpretation

however, might be that subjects with a high frequency of key pecking,
the VI-DRH group, should have a higher probability of receiving
adventitious reinforcement for key pecking than subjects with a low
frequency of key pecking, the VI-DRL group.

If adventitious rein

forcement was an effective variable in the present study, then this
effect should have been most obvious in the VI-DRH group.

These

subjects, however, with the highest frequency of key pecking showed
the least effect of adventitious reinforcement.
A second possible interpretation, introduced by Azrin and Hake
(1969) suggests that some underlying emotional state of heightened
preparedness causes the animal to decrease responding during the
stimulus.

Although this is a possibility, this interpretation would

not explain the differential effects on the high and low rate base
lines as found in the present study.
The third possible interpretation is that the effect of the
stimulus was to decrease the rate of certain responses within a
response chain; the total response chain comprising the key peck
response.

This interpretation appears to be consistent with the

results of all of the studies under consideration.

In the Azrin and

Hake study (1969) and the Pliskoff studies (1961, 1963) the effect
may have been to decrease the rate of all responses in the chain
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during the stimulus.

In the Herrnstein and Morse (1957) the Brady

study (1961) and the present study, however, the effect may have been
to decrease the rate of only some of the responses which compete with
key pecking and which comprise a chain of timing behaviors developed
through superstitious conditioning.

Here again, however, no data

were collected on the occurrence of competing behaviors in the VI-DRL
subjects and, therefore, the validity of this interpretation remains
to be investigated.
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APPENDIX I

Order of Intervals of Reinforcement Availability

174 sec.

22

282

56

50

198

134

4

154

98

80

108

383

90

122

44

64

30

8

26

18

38

32

12
72
232

Order of Intervals of CS Onset
600
51
271
568
390
181

110
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